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POWER SOURCE 



Field of the present Invention 




The present invention relates to heat acti>|a :ed 
power sourcee, and in particular to heat activalei power 
sources that are suitable jEor use in pyro-electio lic 
detonators- The present invention furthermore r^l^tes to 
pyro- electrical detonators comprising such a hei 
activated power source. 

Technological background 

When designing a blasting round, a number c|f 
blasting charges are placed according to a prede t« ^rmined 
scheme. The scheme is designed depending on envijr|>nmental 
parameters and on the desired blasting result 
prescribes not only the position of each charge 
the amount of explosive and delay time for each 

Individually chosen delay times define the 
order and time sequence in which the charges are 



'Hht i scheme 
but also 

large . 
b2 act 
i o be 



detonated- The delay times are typically chosen 



bi be 



somewhere between nil and 9 seconds. Suitable ctajD: ce of 
the delay times provides for more accurate blasttig 
result. In effect^ less explosive agent is neede^, 
blasting result can be more accurately deterniinejl 
unwanted damages to surrounding structures can b.b 
eliminated. Therefore- the delay time accuracy i| 
for successful operation. 

The delay times are- typically specified sep| 
in each blasting charge before the actual detonapi < 
delay time specifies the time from activation toij 
detonation for each charge such that the blasting 
can be activated once and for all. Altemativelyl t he 
charges can be made to detonate instantaneously 
activation. However, the latter alteamative requi 
uninterrupted and real-time communication betweei 
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subsequent charge and a control unit even after 
detonation of a previous charge, which might potei|xtially 
be located close to the subsequent charge. Such 
communication can of course be quite problematic, I and the 
5 delay times are therefore better specified in the| 
respective detonator unit of each charge. 

safety and reliability must always come in first 
hand when designing blasting equipment. Unintended 
detonation of the explosives is of course totally 
10 unacceptable. In addition, commercial blasting equipment 
must withstand quite rough handling with maintained 
safety of operation. As a consequence/ only. a small 
fraction of the solutions and techniq[ues otherwise used 
meet the exceptionally high standards put on blasting 
15 equipment . 

Nonetheless there are several different designs 
available for detonators with delay functionality] Some 
of them are purely pyrotechnical , some are purely! 
electronic, and still some are pyro-electronic . Purely 
20 pyrotechnical detonators can be made safe indeed, Ibut the 
pyrotechnical reactions can only be controlled to a 
certain degree. In effect, the delay time accuracy is a 
fianction of the delay time duration (i.e. the accuracy of 
the pyrotechnical delay element used is relative tjo the 
25 size of the delay element) . This results in reduced delay 
time accuracy., in particular for delay times exceeding 
500 me. Actually, analysis of the development of 
commercial initiation devices for civil purposes ^or the 
last 20 years shows that the accuracy of capsules with 
30 pyrotechnical delay elements have reached its limat. An 
example of a purely pyrotechnical system can be found in 
US 6227116. 

As of today, delays of up to 500 ms can be adhieved 
with an accuracy of around */- 9 ms using pyrotechnical 
35 delay elements. For delay times between 600 ms and 1000 
ma the accuracy is reduced to around +/- 12 ms 
Increasing the delay time to 6 seconds is even raoije 
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problematic, resulting in an accuracy of about +/- 200 
ms. Hence, the delay time aeeuracy In pyrotechnic al 
systems Is a function of the delay time magnitude, 
increasing the delay time magnitude decreases the 
accuracy. 

Modem methods of blasting, such as mass blasting, 
blasting bore holes with large diameters or expanded 
bases, and forming of accurate tunnel profiles, require 
delay times between 1 and 9 seconds or even more. Today 
this work is done using long delay pyrotechnical Dlasting 
capsules, which have a relatively low delay accuracy of 
+/- 100 ms to +/- 200 ms. such low levels of accuracy are 
one of the biggest bottlenecks towards higher accuracy 
blasting. 

Purely electronic designs use an electric ea ile as 
bus, sending an electrical signal to the detonator 
wherein the delay time is defined by an electronic 
circuitry sending an initiation signal to the detonator 
charge. Alternatively, a radio commionication link between 
the control unit and detonator is established. Using 
electronic systems, the delay times can be set with 
relatively high accuracy that is virtually independent 
from the delay time magnitude. However, electronic 
detonators are related with problems in meeting ttie 
safety standards. Furthermore, operating staff ndeds 
system specific training. Switching from a pyrotechnical 
system to an electronic system is thus related to 
extensive and expensive training programs for th^ 
personnel . 

pyro- electronic detonators use a combination of 
pyrotechnical reactions and electrical signals. Such a 
system uses a pyrotechnical fuse (e.g. a shock tube) 
providing for high safety of operation but also for 
operability by personnel trained on purely pyrotechnical 
systems. In fact, a pyro-electronic system can be 
designed to operate and appear just like a purely 
pyrotechnical counterpart. The detonator is however 
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equipped with a pyro-electronic delay unit taking 
pyrotechnical fuse signal as input:, converting it 
electrical signal which is delayed in an electronic 
circuitry before initiating a pyrotechnical initiation 
5 charge. Such pyro-electronic systems are consider<id as 
very promising in the future development of increasingly 
better blasting systems operable by personnel trained on 
traditional pyrotechnical systems, Particular advantages 
include that accurate delay times can be controlled by an 
10 electronic circuitry, having a delay time accuracy'' that 

is virtually independent of the delay time magnitude, and 
that the system can be operated by personnel trained on 
purely pyrotechnical systems- in effect, the delay time 
can be made as accurate for seconds of delay as fc>r 
15 milliseconds of delay with a system that from an 
operational point of view appears to be a purely; 
pyrotechnical system. 

Pyro-electronic detonators providing for up to d 
seconds delays with an accuracy of +/- 9 ms are expected 
20 to have immediate commercial application. This 

requirement imposes high demands on the electrical power 
source that converts the pyrotechnical signal to an 
electrical signal • Thus, the electrical power source is a 
crucial component for successful operation of a pyro- 
25 electronic system. Basically, the power source must be 
able to output electrical energy within a very short and 
accurate time span from being exposed to the burning 
fuse* 

WOOl/18484 proposes one possible design for a shock 
30 tube initiated power source comprising a movable battery 
unit. Basically, the battery unit is moved from a bassive 
position to an active position where it connects wLth the 
electronic drive circuitry of the detonator. The m:>vement 
is caused by a pyrotechnical charge that in turn i 
35 initiated by the shock tube signal. Even though th 
above-described system has advantages for certain 
applications, it is related with some problems. Pot 
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example/ there is always a risk for unintended activation 
of the detonator by incautious handling since the battery 
is always operative and ready to move to the act i ire 

position! . . 

5 Another possible design is indicated in W096y 04522, 

which teaches the use of an ^electrolytic power source" 
in a ^non-electrical detonator" (which, in effect, is a 
pyro-electronic detonator) • The ^^electrolytic powsr 
source'' is referred to as a thermo battery that ii3 

10 activated by a shock tube. However, the document (jives no 
indication what so ever regarding the actual desi<jn and 
composition of the so-called thermo battery. In eissence, 
WO96/04S22 suggests the general use of electrolyt:.e power 
sources as an alternative to e.g* piezo-electric power 

15 sources. A similar approach is described in trs 5i:i3257 
whezrein heat generated by the detonating fuse is 
melt down and thereby start current emission from 
electrolyte, which only emits current when in a nuilten 
state. However, neither WO9S/04522, nor US 51332S! 

20 describes the power source in any detail. Nonetheless, it 
can be xmderstood that the power source should comprise 
an electrolytic element placed next to the fuse and 
having two wires connected to it forming the contacts to 
loop with the rest of the electrical circuit. 

25 However-, designs using conventional pyro batdery 

approaches have been investigated and found not to meet 
the requirements put on next generation pyro* electronic 
detonators. Basically, they cannot provide accurade and 
rapid enough electrical energy responses to the fuse 

30 signal. 

Summary of the invention 

In order to provide for pyro- electronic detonjators 
having improved delay accuracy there is thus a neelj for 
35 an inproved heat activated power source. The invention is 
based on the insight that certain requirements shokild be 
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met by such a power source, as sunvmarized in th| 
following j 

- No fortuitous activation; the activating 
temperature of the power source should not be l<>v|^r than 
2G0«>C - 2S0«C, which corresponds to the ignitioii 
tenperature of PETOf (Pentaerythritol tetranitrai e| a very 
powerful explosive agent commonly used as deton< t Dr 
charge in detonators) . This requirement is foun<, 
important in order to meet specified safety staid irds and 
implicates that the power source must not active t 5 by 
tenperatures below the critical activation tempe r iture of 
the detonator charge* At tercperatxires above that .imit^ 
the detonator charge will obviously self -detonat e anyway. 

*• Reliable and instantaneous performance; cb.(» 
voltage should increase up to a specified workirg voltage 
(e.g. IV) in a short period of time, preferably n less 
than 10 ms . This time period^ increased with any i ime 
delays from the electronic delay circuitry, dictai.es the 
shortest time delay possible for the detonator. 

- The maximum time deviation in outputting ::! e 
working voltage (the delay accuracy) should be l3v since 
the time deviations from the respective elements : n the 
detonator will add up to a total time deviation i< fining 
the overall accuracy of the detonator. Preferabl|^ the 
time deviation should be as low as +/- 1 ms 

- Storage ability - assembled power sources dihould 
withstand all standard storage tests, witliout lopql of 
function . 

-Ease of manufacturing using conventional 
m^inufacturing equipment for pressing and assembl 
conventional pyrotechnical delay elements, withofit 
for inert gas conditions. 

The requirements obviously have to be fulfilled 
throughout the whole range of working temperatur< for 
the detonator, e.g. -40<>C to +70*C. 

The first requirement disallows the use of i|?e|Ll- 
known and f\inctional batteries with liquid and 
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(gelled) electrolytes, since they are active already at 
room temperature- 

The second requirement states that the activktion 
time must be very short. Authors of previous descriptions 
regarding conventional pyro-batteries either skip this 
question completely, or accept time deviations grpatly 
exceeding the desired maximum of 10 ms 

Known pyro-batteries have, in fact, been useA for 
applications totally different from detonators. Tlius^ the 
10 prior art pyro-batteries are obviously not capable^ of 
meeting the above-defined recjuirements for improv(2d 
detonator performance. 

Hence, there is a need for improved heat act:.vated 
power sources, as well as for pyro«- electronic detonators 
15 comprising such a power source and thus providing the 

desired delay time accuracy. The improved heat act:ivated 
power source, and the detonators, should furthermore be 
easily reproducible on a large scale with maintained 
performance . 

20 Based on the above insights by the inventors, and in 

order to meet the specified requirements, a novel heat 
activated power source is suggested. Hence, according to 
one aspect of the present invention, a heat activated 
power source is provided which comprises an elects ically 

25 conductive shell extended along a longitudinal axis, an 
anode element, a heat activated electrolyte elemert, and 
a cathode element. The anode element, the electrolyte 
element, and the cathode element are stacked in s€id 
order along said longitudinal axis in said shell, and as 

30 a whole form an unitary body. The heat activated 

electrolyte element is switchable from an ion-isolative 
ground state to am ion«- conductive active state by means 
of a heat energy pulse exceeding a threshold energy 
level « A first element of said anode and cathode elements 

35 serves as an electrode element that is electrically 

insulated from the shelly and a second element of said 
anode and cathode elements is electrically interconnected 
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with the shell and comprises a heat energy amplifying 
material. The electrical insulation can, for exatrple, be 
provided by an electrically insulating sleeve separating 
the first element from the shell. The heat energy 
amplifying material is operative to ignite in response to 
a heat energy signal lower than said threshold enargy 
level and, when ignited, to provide said eleotrol^e 



element with a heat energy pulse exceeding said t 
energy level. The second (heat energy amplifying) 
thus serves the double purposes of taking part in 
electrochemical process that generates the electr 



ireshold 
element 
the 
cal 



energy and of amplifying an otherwise too small h^at 



energy signal so that the resulting heat energy ±f 
to activate the electrolyte element. Thereby the 
(electrode) element and the shell form two terminals 
between which a voltage is supplied when a heat ejiergy 
signal lower than said threshold energy level ie 
by the second element which then amplifies the en^srgy 
signal and activates the electrolyte element. 



enough 
irst 



: received 



One straightforward way of reducing the heat energy 
needed to activate the electrolyte is to choose an 
electrolyte compound that is activated already at low 
temperatures. However, such a solution is not possible 
for reasons of safety. In fact, there is an inevitable 
tradeoff between activation accuracy at one hand (driven 
by low activation temperatures) and safety at the other 
hand (driven by the desired need for a substantia] amount 
of heat energy to activate the electrolyte) • To is end, 
the provision of a heat energy amplifying element is 
found to reduce the activation time vastly. The heat 
amplifying material can be chosen such that it responds 
to a very small amount of heat energy, typically a spark 
or a very limited detonation (e.g, from a shock tube such 
as NONBL^, available from Dyno Mobel) , that does not 
provide enough energy to substantially heat any of the 
elements but that instead ignites the heat amplifying 
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material whereby the second element provides an amount of 
heat energy that is sufficient to activate the 
electrolyte element. The second element thus acts as a 
heat energy amplifier between the heat signal that 
activates the power source and the actual activation of 
the electrolyte element. In effect, the heat activated 
power source defines two ends, one end in which the first 
(electrode.) element resides and in which the voltage is 
supplied via th^ electrode element and the electxLcally 
conductive shell/ and an opposite end in which ths second 
(heat amplifying) element resides and which end is 
responsive to and amplifies an external heat energy 
signal that is lower than the threshold energy lerel^ 

The energy amplification provides for vastly reduced 
activation times compared to prior devices . Hence the 
use of a heat au^lifying element as such is beneficial » 
However, the activation time is further reduced by the 
compact design resulting from the combined 
electrochemical and heat energy amplifying properi;ies 
provided for by the second element » According to t;he 
present invention, it is thus furthermore realizes that a 
heat energy amplifying element and one of the anoc e and 
cathode elements can be incoinporated into one sindle 
element, forming the above said second element. Tliereby, 
the heat activated power source supplies electrics 1 
energy as soon as the heat energy signal amplified, by the 
second element is intensive enough, which for mani' 
compound compositions is virtually immediate (typically 
within less that 3 ms) . 

The heat activated electrolyte element transmits 
ions only when heated above a certain tenvperatiire . The 
threshold energy needed to activate the electrolyte 
element thus equals the heat energy needed to increase 
the temperature of the electrolyte element from its 
initial temperature to the activation temperature. The 
actual amount of energy needed for this temperature 
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increase obrvlously depends on the volume and heat 
capacity of the electrolyte element. 

In other words, the threshold energy for activating 
the electrolyte element indeed depends on the paruicular 
choice of electrolyte compound and the volume thereof but 
it also depends on the initial temperature of the 
electrolyte. Obviously, a larger amount of energy is 
needed if the electrolyte is very cold than if it is 
warm. However, the power source should preferably be able 
to operate in temperatures between -40<»C and +70'»<:, and 
the energy amplification should therefore be enoujfh even 
if the electrolyte initially is -40»C cold. 

In order to minimize the time between receivi ng the 
initial initiation signal (the heat eziergy signal) and 
supplying an electrical voltage, the respective elements 
shoiad have small volumes and large interfacing surfaces. 
The total heat energy needed to activate the electrolyte 
is thereby minimized due to the small volume and the 
speed of the heat energy transfer is maximized due to the 
large heat exposed areas. Large interfacing areas 
furthermore accelerate the electrochemical procesa since 
it is based on ion exchange between the respective 
elements. For this reason thin circular segments are 
found to be the most efficient shapes for the respective 
elements, and the shell is therefore preferably 
cylindrical. Furthermore, the anode element, the 
electrolyte element, and the cathode element are stacked 
in direct contact with each other and together form an 
xinitary body. Thereby the interface areas and thus the 
heat transfer between the respective elements are 
maximized. 

Depending on the application at hand, either ;:he 
cathode element or the anode element can be used eis heat 
energy amplifying element. Thus, according to one 
embodiment, the cathode element serves as the secomd, 
(heat att^lifying) element and the anode element serves as 
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the flrdt (electirode} element. However/ the 
configxiration is found to provide even higher vo 
£or tnany material compositions. Thus, according 
another embodiment ^ the anode element serves as 
second (heat amplifying) element and the cathode 
serves as the first (electrode) element. 
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tages 
to 
tlhe 
element 



rPor example, in a detonator application^ the seccnd heat 
energy amplifying element typically receives a heat 
energy signal from a shock tube. A shock tube signal is 
enough to activate the power source according to the 
present invention even though the signal is quite minute , 
since the signal need not activate the heat activated 
electrolyte by itself- Instead, the shock tube signal 
need only initiate (i.e. ignite) the heat amplifying 
element which in turn provides the considerable h&at 
energy signal that is needed in order to faoilitare short 
enough delay times (i.e. rapid enough heating of :he 
electrolyte element) . 

According to one embodiment, the second el em^snt 
additionally comprises an ionically active miaterial other 
than the heat energy amplifying material. The second 
element thus comprises two materials, one materia!, that 
is ionically active and that participates in the 
electrolytic process and one material that provides for 
the heat anq?lifying property. In such case it is 
important for the two materials to be well integrated 
into an unitary element in order to promote heat 
transport to the heat activated electrolyte elemer t. This 
embodiment is advantageous in that the respective 
materials can be optimized for their respective function. 
The ionically active material is preferably arranged 
facing the electrolyte element and the heat amplifying 
material might then be arranged facing the opposite side 
of the element which is thus responsive to a heat 
initiation signal. 
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However, the uae of two materials might resi:rain the 
initiation speed, since the heat emitted by the 3ieat 
an^lifying material mxist first travel through thu 
ionically active material before reaching the el^setrolyte 
element. Therefore, according to another embodiment the 
second element comprises one material only which 
heat art^lifying and ionically active. This is- 
advantageous since the second element can then be 
more compact, and since the emitted heat hit the 
electrolyte element directly. 

In case the second element comprises one raatierial 
only, the element is preferably between 2 mm and 
thick, and is most preferably about 3 mm thick, i 
the second element comprises an ionically active 
and a heat amplifying material, these are preferably 
arranged in separate layers as described above. Tie heat 
amplifying layer is then preferably between 2 mm ; and S 
mm, and is most preferably about 3 mm thick, wheriaas the 
ionically active layer is preferably between 0,1 Iran and 3 
mm and is most preferably about 0.3 mm thick (whi'i'h 
typically is a convenient minimum thickness for eUse of 
manufacturing) . 

The first of said anode and cathode elements 



5 mm 
n case 
material 



preferably be bet:ween 0.1 
preferably about 3 mm. 



mm and 5 mm thick, and xiost 



According to one embodiment of the invention, the 
cathode element cortqprises a confound that is chosen from 
the group consisting of tungsten, molybdenum, tin, lead, 
platinum, palladium, silver, and gold. The compourd 
forming the cathode is preferably in the form of 
compressed powder. 

According to one embodiment of the invention, the 
anode element comprises a conqoound that is chosen from 
the group consisting of s aluminum, zinc, magnesiunj, and 
iron. The contpound forming the anode element is 
preferably in the form of coirpressed powder. However, the 
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anode element could alternatively be formed out qf a 
solid body, e.g. a foil or a disc. 

The electrolyte should preferably have a rapjid and 
distinct switching behavior from the ion-isolati-ve state 
5 to the ion- conductive state. The rapidness is obviously 
needed in order to keep down the delay times (in effect/ 
the time it takes to activate the power source) , put the 
distinctness is equally crucial in order to provide for 
the reqpiired time accuracy. Hence, according to one 
10 embodiment of the present invention, the heat activated 
electrolytic element comprises a compo\md that is chosen 
from the group consisting of LiAlCl4, LiBP^, LiCl, and 
LiBr, These coinpoiinds are found to be particularly 
successful in providing for rapid and accurate ac:ivation 
processes, i.e. they rapidly and distinctly switc lee from 
the ion-^isolative state to the ion- conducting sta:e. 
Independent from the particular choice of compoxinil, the 
compound preferably is a granulated compound or a 
compound in a crystalline or polycrystalline statu. 

Regardless of which particular confound that is 
chosen for the electrolyte element, the electrolytie 
should preferably exhibit a negative temperature 
coefficient of ion resistance as well as abrupt increase 
of ion conductivity (switching-over) , most pref ersibly in 
25 the temperature range of 200*^C - 250«C. 

The electrolyte element should preferably be as thin 
as possible in order to minimize the heat response i time. 
However, manufacturing conditions might restricts the 
design of the electrolyte element. In one particu]ar 
30 embodiment, the electrolyte element is typically about 
0.3 Iran thick. 

According to one embodiment, the electrolyte element 
must have a temperature above 200*>C and preferabl^k* above 
35 asc^c in order to change state from said ion-isolative 
ground state to said ion- conductive active state. The 
threshold energy level is then the amount of heat energy 
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needed to heat the electrolyte element from ite initial 
temperature to 200*>C or. 250^0, respectively. In cAse the 
power source is used in a detonator^ this temperature is 
normally high enough not to affect the safety regulations 
regarding the detonator since the detonator typicilly 
comprises a detonator charge which self -detonates |at 
these temperatures. 

The above defined requirements for detonator [power 
sources are desirable not only for detonator 
applications/ but also for a range of other applidations 
Examples of such alternative applications might isficlude 
fire alarms, space shuttles, power reserves etc. It is 
thus realized that power sources fulfilling. the above 
requirements will find alteamative uses in addition to 
detonators, and any such alternative use is thus within 
the scope of the present invention. However, it should be 
noted that the x-equirements put on the heat activalted 
power source according to the present invention ai}e very 
specific and are not nearly met by prior art powea 
sources used for other applications. In effect, tljje power 
source according to the present invention actually 
provides new possibilities not only for detonator 
applications but also for a range of other appllcajtions 

Hence, the heat activated power source accordang to 
the present invention can be used for many different 
applications. Depending on the application at hsuaci, the 
heat signal to which the second, heat amplifying dlement 
is responsive (i*e. the heat signal that ignites tfcxe heat 

For 
fire 



amplifying element) can have many different origin|s 
exanqple, if the inventive power source is used in 
alarm an increased ambient temperature in case of 



fire 



generates a sufficient heat signal. However, in case the 
power sotirce is used in a pyro-electronic detonator/ the 
initiating heat energy signal is typically generatsd by a 
shock tube or similar. Thus, according to still ons 
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embodiment/ the amplifying element is operative to 
by a heat energy signal supplied from a shock tubct 



el^ictronic 



Qurrent 
signal 
to 
a 



Dve 



As stated above, the heat activated power so\irce 
according to the present invention is well suited for use 
in a detonator capsule. Hence, another aspect of i:he 
present invention provides a detonator that compri.ses a 
heat activated power source as described above, an 
electronic delay circuitry, and a detonating charcfe. The 
detonator Is preferably of a type that is used fo^j- civil 
purposes in commercial blasting equipment i The 
delay circuitry is operative to input electrical 
from said power source and to output an electrica 
initiating said pyrotechnical detonator charge 
the performance of the inventive power source, sudh 
detonator is capaible of providing very accurate tajme 
delays ranging from a few milliseconds to tens of 
seconds . 

The electrical signal supplied by the heat activated 
powear source is thus processed in the electronic delay 
circuitry wherefrom a more or less delayed electrical 
initiation signal is outputted which initiate© the 
detonator charge. To this end, according to one 
embodiment, the detonator further comprises an initiator 
that Is operative to initiate said pyrotechnical 
detonator charge by means of said electrical initiation 
signal. The Initiator can, for example, be a fuse head of 
some sort. 

Depending on the particular application at hand, the 
heat activated power source might not be able to provide 
a current for the entire delay time of the detonatior. 
Basically^ a longer lifetime of the power source requires 
larger volumes and dimensions of the anode, electrolyl 
and cathode elements- As stated above, the dimensions 
critical factors when reducing the activation time. 



ignite 



e 
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Consequently, it is quite often preferred to use a power 
source having a lifetime that is shorter than the desired 
delay titne of the detonator. Therefore, according to one 
embodiment, the electronic delay circuitry comprises a 
5 capacitor that is operative to store electrical energy 
from the power source during a delay time of sai^ 
electronic delay circuitry. 

According bo still one embodiment/ the detoAator 
10 further comprises a metallic capsule forming the | shell of 
the power source and furthermore containing the 
electronic delay circuitry and the detonating chdrge. The 
metallic capsule thus searves as an electrical connector 
element between the second element of said power source 
15 and said electronic delay circuitry. 



20 



According to another aspect , the invention pirovides 
a detonator system that comprises an inventive detonator 
as defined above and a shock tube. The shock tuba is 
interconnected with the Inventive power source anb is 
operative to ignite the second (heat amplifying) lelement 



A major advantage of the heat activated powelc source 
according to the present invention is that it prdWdes 

2S for ease of manufacturing, for example using existing 
manufacturing equipment for manufacturing traditional 
pyrotechnical detonators. ThuS/ according to one aspect 
of the present invention, a method of manufacturing a 
heat activated power source as described above is 

30 provided. According to this method, each of the first 

element, the second element / and the electrolyte element 
is separately pressed into the shell. Depending ok the 
materials used, these manufacturing steps can typically 
be performed without need for inert gas condition*, in 

35 case the respective materials are granulated or im the 

form of a powder, each material is typically dosa^ed and 
po\ired into the shell before coicqoressing it to a 
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compressed element forming part of the unitary 
anode/electrolyte/ cathode-body. 

In case the power source Is to be used In a 
detonator, it might be manufactured directly in tfie 
detonator capsule. 

Brief description of the drawings 

The invention will now be described in detai . with 
reference to the accon^anying, exen^lifying drawings on 
which: 

Figure 1 illustrates a cross-eection of a fiist 
embodiment of the heat activated power source according 
to the present invention. 

Figure 2 illustrates a cross -section of a se<:ond 
embodiment of the heat activated power source according 
to the present invention. 

Figure 3 illustrates a cross- sect i<Mi of an 
embodiment of a detonator comprising a heat activated 
power source according to the present invention. 

Detailed description of the invention 

Kxamples of compounds that could potentially Ibe used 
in the heat activated electrolyte include salts svch as 
BaSO*, IiiaSO*, LiBF4. LiAlCl4/ NaBF*/ KCl, NaCl, Lici, AlCl, 
ZnCl, LiF, LiBrj ammonium compounds such as NH4CI, 
{NH4)2S04, AINH4 (304)2/ organic con5>ounds such as lithium 
formate LiOOCH»HaO, polyethylene oxide etc. However / 
LiAlCl4, LiBP«, LiCl, and LiBr are so far found to be most 
promising for meeting the activation speed requirements. 
However, it should be realized that any conventional or 

novel heat activated electrolyte possessing abrupt 

increase of conductivity (switching-over) in the 
temperature range of 200'C - 250*C can be used of the 
purpose of the present invention. 

Depending on the electronic circuitry used in the 
delay, unit of the inventive detonator, the voltage might 
have to be maintained for the entire delay time. 
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Alternatively the circuitry might be equipped \\i 
capacitor, thus allowing the use of shorter vo];t ige 
pul3es which can be stored in the capacitor. Tlje use of 
capacitors removes the requirements on the powcir source 
5 to output a current during the entire delay tinje and 
thus ease the design specification. 

One possible embodiment of the power sourcje 
according to the present invention is shown in |F .gure 1. 
According to this embodiment, the power source jl iO is 
10 fitted in a detonator and uses the metallic detjonator 
capsule as shell 108. In effect^ the power sourjci : forms 
an integral part of the detonator. Thus, the pokcir source 
according to this embodiment comprises a metalllL< i shell 
10 B, forming an integral part of the detonator, '< n anode 
element 102 constituted by a pyrotechnical compbi Ition 
(e.g. Fen Om/Al) pressed into an al\iminum cup 10 L. The 
pyrotechnical coTHposition according to this embscliment 
serves both as a heat amplifying element and as 
ionically active . portion of the anode element, . 
to one particular embodiment # Iron*aluminum theb:rr||ite with 
a surplus of aluminum and the formula. 

[30%Al/70%Pe2O3] +70%Al2b is used in the anode elimjbnt 102. 
The Alao compotind is basically an aluminum powdep with a 
particle size of 6Qdput 20 Mm, and is commercial 
available from e-g, ALFA AESAR» The burning rat 
of such anode compound is approximately 20 +/- 
after which a heat shock wave is put upon the e 
element 104. The power source furthermore compr 
cathode element 105 and an electrolyte element 
cathode element is pressed into a plastic, eleci|r||Lcally 
insulating tube 107, and the complete power souifq 
stacked in the metallic shell 108. According to 
embodiment, the cathode element 105 is formed by 
powder pressed into the plastic tube 107. t^on l elkting, 
the electrolyte element ionizes and the power scurce 
passes on to an active state in 7 - a ms whereb^l m 
electric voltage 106 is supplied between the met aLlic 
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shell and the cathode (I.e. the electrode) elei 
in this embodiment the anode element is used a 
anqplifylng element and is formed out of one si 
portion- 
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However/ Figure 2 illustrates a second eml o jiiment of 
the heat initiated power source wherein the hea t 
amplifying element comprises two separate port; 
ionically active portion 203 and a heat energy 
portion 202. According to this particular emboai|aent ^ the 
power source resides in a metallic shell 201 aild 
comprises an anode element 202/ 203, an electrc 1 
element 204, and a cathode element 205. The catlh^de 
element is pressed into a plastic tube 207. 

The anode element thus comprises two matezli^ls : 
ionically active material 203 and an ignition 
202. The ignition material 202 is preferably c< 
some pyrotechnical coiqposition that exhibits a 
precision buaming rate. This can be provided, 
exan^le^ by suitable choice of compressed powde 
Pb304/Si, BiaOa/Si etc. The ionically active mat 




such as 
lyial 203 



is preferably constituted by a powder, plate, "Ma: er, or 
disc etc. formed out of a metal such as aluminuti, zinc, 
magnesium or iron. The heat activated power source is 
thus operative to supply a voltage 206 between :i e 
cathode element (i.e. the electrode element) ani the 
shell - 

The electrolyte element 104, 204 might be nch that 
it melts when switching from tha ion-isolative Bt ate to 
the ion- conducting state, or it might be of somsi other 
type. However # it is important that the materia, becomes 
active (i.e. starts conducting ions) within ver r short 
time interval (preferably within 3 ms) after re :c iving 
the heat energy pulse from the anode element . T! cathode 
element is preferably, just like the anode elem^t, 
constituted by a powder, plate , wafer, or disc :c med out 
of metal • Preferably the metal is one of the f o .3 owing : . 



n.NOV2003 12:35 



10 



15 



20 



25 



30 



35 



AWAPATENU4684409550^ 
AWAPATENT 



20 

t:\mgsten, molybdenum, tin, leadi 
silver / or gold. 



"NR. ( 057 S. 22^ 

Ifct RaJBnl-ochfBg.verke 
2(03-11- 11 

platintxcQ/ pallaiiuni/ 



The heat: activated power source is pref erraply 
cylindrical in shape, this is advatageous both 
inanu£acturlng point of view and for maximizing t; 
interface surfaces between the respective elemen 
the above embodiments/ the dimensions of the 
is typically somewhere between 3 mm and 20 mm in 
and between 5 mm cuid 20 mm in length. 
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Figure 3 illustrates a complete detonator cspsule 
300 comprising a shock tube 301, a shock tube plug 302, a 
metallic, cylindrical capsule 303, and a heat activated 
power source 304 according to the present invention. The 
two polarities of the power source 304 is electrically 
interconnected with a delay circuitry directly via the 
electrode element 307 of the power source and vis the 
capsule 303, respectively. Consequently there is no need 
for aditional wiring in the capsule. The capsule 
furtermore comprises an electronic delay circuitry 305 
for providing the desired delay time, a fuse head 306, 
and a detonator charge 307. In effect, the inventive 
detonator can be designed so that it appears and operates 
in the same way as purely pyrotechnical detonators. 
Thereby it can be operated by axry person trained :>n such 
purely pyrotechnical detonators without any additional 
instructions . 

The inventive heat activated power, source cai be 
manufactured using conventional manufacturing equipment. 
Manufacturing typically includes _a number of dosaiiing and 
pressing cycles, during which the repsective ingredients 
are first dosaged and then pressed into the capsu!.e. 
Since the heat activated power source according to the 
present invention does not require any wiring, buU 
instead uses the capsule (or shell) as an electric; 
conductor, the prior art manufacturing steps of paroviding 
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heat 



these wires in aeeurate positions in the power fi 
eliminated. Furthermore, unlike many prior art Ep|er9 
sources, there is no nead for inert gas conditic|n| since 
all of the manufacturing steps can be performed 
room conditions. 

In essence, the present invention provides ||a 
activated power source that comprises an anode >ment, a 
cathode element, and an electrolyte element, allf. |£ which 
are stacked in an electrically conductive shell 
form a unitary body therein . The electrolyte is 
that is ionically passive below a certain tempeija lure and 
that is ionically active above that temperature.! one of 
the anode and cathode elements serves the additdlo ial 



as to 
a type 



purpose of providing for heat amplification, and :h 
t J \K4-Vta-.^-; so f fifi small heat enerorv sidin il 



15 amplifies an otherwise too small heat energy sidn 



that it is enough for activating the electrolyte! 
power source is particularly suitable for use iii 



electric detonator applications, where it faoilijt ites 



highly accurate delay times that are virtually j 
independent of the delay time duration. The powejr 
is suitable for large scale manufacturing, with 
maintained time delay performance and without neie 
special manufacturing equipment or for inert gasj 
conditions . 
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1. A haat activated power source cotnprising: 

an electrically conductive shell exbended al^ng a 
5 longitudinal axis; 

an anode element; 

a heat activated electrolyte element; 
a cathode element; 

wherein said anode element, said electrolyte] 

10 element, and said cathode element are stacked in taid 

order along said longitudinal axis in said shell, | and as 
a whole form an xinltary body; 

wherein said heat activated electrolyte element ie 
switchable from an ion-isolative ground state to an ion- 

15 conductive active state by means of a heat energy [pulse 
exceeding a threshold energy level; 

wherein a first element of said anode elementj and 
said cathode element is an electrode element that | is 
electrically insulated from said shell; and 

20 wherein a second element of said anode elemc 

said cathode element is electrically interconnected with 
said shell and comprises a heat energy amplifying 
material that is operative to ignite in response 
heat energy signal lower than said threshold enerc 

25 and, when ignited, to provide said electrolyte element 
with a heat energy pulse exceeding said threshold [energy 
level ; 

such that said electrode element and said shelll form 
two terminals between which a voltage is supplied when a 
30 heat energy signal lower than said threshold energjy level 
is received by said second element. 



it and 



\o a 
level 
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2. A heat activated power source according to claim 1, 
wherein the cathode element is said first element and 
wherein the anode element is said second element. 
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3. A heat activated power source according to claim 1, 
wherein the anode element is said first element and 
wherein the cathode element ia said second element. 

4 , A heat activated power source according to any one of 
claims 1-3/ wherein said heat activated electrolyte 
element comprises a compound that is chosen from the 
group consisting of LiAlCl*/ LiBP*, LiCl, and LiBi 



10 5. A heat activated power source according to an^ one of 
claims X-4, wherein aaid heat activated electrolyte 
element comprises a greoxulated compound or a compound in 
a crystalline or polycrystalline state. 



15 



20 



€• A heat activated power source according to an:il' one of 
claims 1-5, wherein said cathode element comprises a 
compound that is chosen from the group consisting of 
txingsten/ molybdenum^ tin, lead/ platinum, palladium, 
silver / and gold* 

?• A heat activated power source according to arrji one of 
claims 1-6, wherein said cathode element compriS€|8 a 
compound in the form of compressed powder. 



25 



30 



35 



8, A heat activated power source according to anyl one of 
claims 1-7/ wherein said anode element comprises la 
compound that is chosen from the group consisting of: 
aluminum/ zinc, magnesium^ and iron. 

9. A heat activated power source according to anyl one of 
claims 1-8, wherein said anode element conqprlses |a 
compound in the form of compressed powder. 



10. A heat activated power source according to 
claims 1-8, wherein said anode element is 
a solid body. 



an/ 
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11. A heat activated power source according to an^ 
claims 1-10, wherein said second element comprises 
ionically active material other than the heat ene] 
amplifying material. 

12. A heat activated power source according to anj 
claims 1-10/ wherein said second element comprises 
homogenous material only, which is heat energy 
and ionically active. 

13. A heat activated power source according to an;5 
claims 1-12, fuz-ther comprising an electrically 
insulating sleeve surrounding said first element 
insulating it from the shell. 
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14 • A heat activated power source according to an^ one of 
claims 1-13, wherein said second element is operative to 
ignite by a heat energy signal supplied from a shcjck 
tube. 



15. A heat activated power source according to ani 
claims 1-14, wherein said electrolyte element re< 
temperature above 200 in order to chamge state 
said ion-isolative ground state to said ion-condu< 
active state. 
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16. A detonator comprising a heat activated power source 
according to any one of claims 1-15, an electronic! delay 
circuitry, and a pyrotechnical detonator charge, 
said electronic delay circuitry is operative to 1 
electrical current from said power source and to 
an electrical initiation signal initiating said 
pyrotechnical detonator charge. 
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17. A detonator according to claim 16, further cow prising 
an initiator that is operative to initiate said 
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pyrotechnical detonator charge by means of said 
electrical initi^ation signal. 

18. A detonator according to any one of claims 16[-17/ 
5 wherein said electronic delay circuitry comprises a 

capacitor operative to store electrical current from the 
power source during a delay time of said electronp.c delay 
circuitry* 

10 19 4 A detonator according to. any one of claims 16 [-18, 
further comprising a metallic capsule containing kaid 
electronic delay circuitry^ said power source, anfll said 
detonating charge, and furthermore forming part or the 
power source shell, whereby the metallic capsule serves 

15 as an electrical connector element between the second 
element of said power source and said electronic ^elay 
circuitiY- 

20. A detonator system comprising a detonator according 
20 to any one of claims 16-19 and a shock tube, wherein said 
shock tube is interconnected with said power source and 
is operative to ignite said second element in said heat 
activated power source. 



25 21. A method of manufaetxiring a heat activated povjer 

source according to any one of claims 1-15, where4n each 
of the first element, the second element, and the 
electrolyte element is separately pressed into the * shell 
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The present: invention provides a heat activat ed 
power source that comprises an anode element, a Ccithode 
5 element, and an electrolyte element, all of which are 

stacked in an electrically conductive shell so as to form 
a tmitary body therein. The electrolyte is of a t^Tpe that 
is ionically passive below a certain temperature and that 
is ionically active above that teraperattire • One oi: the 

10 anode and cathode elements serves the additional purpose 
of providing for heat amplification, and thus anp] if ies 
an otherwise too small heat energy signal so that it ia 
enough for activating the electrolyte. The power source 
is particularly suitable for use in pyro-electlric 

15 detonator applications, where it facilitates high] 

accurate delay times that are virtually independei.t of 
the delay time duration. The power source is suitable for 
large scale manufacturing, with maintained time d^ilay 
performance and without need for special manuf actxxing 

20 equipment or for inert gas conditions. 
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